Introduction
Over the past 50 years, 60% of worldwide ecosystem services have degraded due to social and economic development [1] . In China, ecological degradation is also extensive; for example, 23% of the area in China has suffered ecological degradation [2] . The economic loss from ecological degradation accounted for over 13% of the national gross domestic product [3] . Awakening to the severe effects of ecological degradation, the Chinese government implemented two ecological restoration policies at the end of the 1990s, that is, the Grain-for-Green policy and Grain-for-Blue policy.
The Grain-for-Green policy, the largest land retirement/afforestation program in China, was launched in 1999 to mitigate land degradation (soil erosion) by returning steeply sloping cultivated land to forest area or grassland [2, [4] [5] [6] [7] . The Grain-for-Blue policy was launched in 1998, aiming to return cultivated land to water areas, that is, relinquishing the cultivated land at the periphery of water areas [8] [9] [10] [11] .
Policy can affect decision making and change the ways people utilize and manage ecosystems [12] . Evaluating the consequences of a policy is a critical lesson from the Millennium Ecosystem Assessment [13] . In recent years, the policy research interest in ecosystems has focused on the policy tools [14, 15] , policy impacts [16] [17] [18] , policy incentives [19] , policy option [20] , policy assessment approach [21] , and policy making [22, 23] . For example, Brady et al. [24] modeled the impacts of agricultural policy on ecosystem services using an agent-based approach; Bronner et al. [25] assessed the impacts of US stream compensatory mitigation policy on ecosystem functions and services; Geneletti [26] assessed the impacts of alternative land use zoning policies on future ecosystem services; Simpson [27] estimated the effects of conservation policy on ecosystems.
Advances in Meteorology
As an effective approach to recognize the multiple benefits provided by ecosystems, the work of economic valuation of ecosystem services has been widely conducted since 1990 [28, 29] . These works cover the method developed in valuating ecosystem services and the estimation of ecosystem service value in different regions and ecosystems. One of the most notable assessments of ecosystem service value (ESV) was conducted by Costanza et al. [30, 31] , who estimated 17 ESV provided by 16 dominant global biomes using a market valuation method. Other researchers also estimated ESV of tropical forests [32] [33] [34] [35] [36] and protected areas [37] [38] [39] , endangered species management [40, 41] , and different biological resources [28, [42] [43] [44] .
Although Grain-for-Green and Grain-for-Blue have been implemented over 10 years in China, few works have been conducted to assess the ecological impacts of the two ecological restoration policies particularly from the perspective of changes in ESV. In this paper, we evaluated the effects of Grain-for-Green and Grain-for-Blue on ESV by a newly developed approach. Specifically, the aims of this paper are to (a) examine land use change in Shandong province during 2000-2008, (b) assess the changes in ESV, and (c) estimate the effects of Grain-for-Green and Grain-for-Blue on ESV. (Figure 1 ). It covers a total area of over 151,100 km 2 with plains terrain accounting for 55%, mountainous area for 15.5%, and hilly area for 13.2% (Figure 1 ). The northwest, west, and southwest of the Shandong are all part of the North China Plain. The central region of the province is mountainous, with Mount Tai being the most prominent. Shandong province lies in the warm-temperate zone with a continental monsoon climate.
Study Area and Data Sources

Data Sources.
The land use maps of Shandong province in 2000 and 2008 were obtained from the Institute of Geographic Sciences and Natural Resources Research of the Chinese Academy of Sciences [45] . The maps were interpreted from Landsat TM (Thematic Mapper) satellite images by the human-machine interactive approach. The average accuracy of the maps is over 95% [46] . The land use was divided into six primary types and 25 subclasses [47, 48] .
The net primary productivity (NPP) data in Shandong are the products of EOS/MODIS of NASA. The Normalized Difference Vegetation Index (NDVI) data are sourced from SPOT-vegetation with a temporal step of 10 days. The data formats of NPP and NDVI are all 1 km grid. Precipitation and temperature in Shandong province were gained from the China Meteorological Data Sharing Service System (http://cdc.cma.gov.cn/home.do) and interpolated in spatial. The soil nutrients data such as the contents of N, P, K, and organic matter were taken from the soil map generated from the second soil survey of China. The actual evapotranspiration data, which were calculated by IBIS model with a temporal step of 8 days, were sourced from the China Data Sharing Infrastructure of Earth Systems Science.
Method
Value Quantification of Ecosystem Services.
The method for assessing ESV can be summarized into two categories, that is, the primary data based method and proxy based method [49] . The primary data based method directly assesses the ESV according to the primary data from the study area. For the complicated calculation process, many models have been developed to assess ESV, for example, InVEST, ARIES, SoLVES, and MIMES. The proxy based method assesses ESV by assigning each biome a value. One of the most representative proxy based methods was developed by Costanza et al. [31] . The merit of the primary data based method is high accuracy while the demerit is the complexity. Since running ESV models usually needs numerous parameters, the primary data based method is usually not convenient. The merit of the proxy based method is the convenience while the accuracy of this method is usually challenged.
In this paper, we developed a novel method to assess ESV. The method is one of the primary data based methods. However, since the calculation of ESV in this method is based on remote sensing data such as NPP, the calculation process is very convenient. Considering data accessibility and technique feasibility, we estimated five kinds of ESV, that is, values for provision of organic material, nutrient cycling, soil conservation, water conservation, and regulation of gases.
Assessment of the Value of Provision of Organic Material.
The value of organic material of an ecosystem was assessed by NPP. The equation is as follows:
where om is the value of provision of organic material; NPP( ) is the organic material produced in pixel; sc is the price of standard coal in 2000.
Assessment of the Value of Nutrient Cycling.
We utilized the saved inputs due to nutrient cycling in agricultural production to assess the value of nutrient cycling. The formula is as follows:
where nc is the value of nutrient cycling in an ecosystem; is the nutrient elements of N (nitrogen), P (phosphorus), or K (potassium); NPP( ) is the organic material produced in pixel; nc ( ) is the accumulated value of N, P, and K; 1 is the distribution rate of nutrient elements of N, P, and K in organic material in different ecosystems; 2 is the converted coefficients of N, P, and K to corresponding chemical fertilizer; is the chemical fertilizer price of N, P, and K in 2000. 
Assessment of the Value of Water Conservation.
The function of water conservation of an ecosystem is similar to that of a reservoir. Therefore, we utilized the average construction cost of a reservoir to assess the value of water conservation. The formula is as follows:
where wc is the value of water conservation; ( ) is the water conservation amount in pixel; is the average cost of reservoir construction in 2000.
According to the difference in underlying surface, we utilized two different approaches to assess the water conservation amount of an ecosystem. When the underlying surface is soil, the equation is as follows:
where ( ) is the annual water conservation amount in pixel; mean ( ) is the monthly precipitation in pixel; is the ratio of runoff generated from precipitation.
is the coefficient of reducing runoff by comparison with bare land without vegetation.
of cultivated land, woodland, and grassland are valued as 0.4, 0.29, and 0.24, respectively, while of other land use types are valued as 0 [50] . When the underlying surface of an ecosystem is an area of water, the equation is as follows:
where wc ( ) is the annual water conservation amount in pixel; mean ( ) is the monthly precipitation in pixel; ( ) is the monthly actual evaporation in pixel.
Assessment of the Value of Soil Conservation.
Soil erosion usually leads to three different kinds of value loss in an ecosystem, that is, a reduction in soil fertility, river channel sedimentation, and loss of top soil. Therefore, the assessment of the value of soil conservation is composed of three sections:
where is the value of soil conservation; is the value of soil fertility conservation; is the value of reducing soil sedimentation in a river channel; is the value of the loss of top soil.
Assessment of the Soil Conservation Amount.
The soil erosion amount without any vegetation is viewed as the potential soil erosion amount. The soil erosion amount that actually occurred is looked on as the actual soil erosion amount. The difference between the amount of potential soil erosion and actual erosion is the soil conservation amount. The soil erosion was assessed by Universal Soil Loss Equation:
where is the amount of potential soil erosion; V is the amount of actual soil erosion; is the soil conservation amount; is the soil erodible factor; is the slope length; is the slope factor; is the vegetation and crop management factor; is the soil conservation measure factor. Detailed parameters of , , , , , and were referenced from Wischmeier [51] , Renard et al. [52] , Flanagan et al. [53] , Kuok et al. [54] , and Renard and Foster [55] .
Assessment of the Value of Soil Fertility Conservation.
N, P, and K are the three most important nutrients in soil. Soil erosion could lead to the nutrients' losses and a decrease in soil fertility. Thus, we estimated the value of soil fertility conservation by assessing the nutrient element value of the soil conservation amount. The equation is as follows:
where is the value of soil fertility conservation; ( ) is the soil conservation amount in pixel; is the price of N, P, and K fertilizer in 2000.
Assessment of the Value of the Loss of Top Soil.
The value of the loss of top soil was assessed by calculating the value of conserved land where soil erosion has been avoided due to the protection of vegetation coverage in an ecosystem. The formula is as follows:
where is the value of the loss of top soil; ( ) is the soil conservation amount in pixel; soil is the soil density; is the economic benefits of forest planting which is valued as 26,400 CNY/km 2 ⋅Year; soil is the average soil thickness.
Assessment of the Value of Reducing Soil Sedimentation in a River
Channel. In China, about 24% of sediments from soil erosion are deposited in reservoirs, lakes, and rivers according to the research of Ouyang et al. [56] . Thus, the value of reducing soil sedimentation in a river channel was assessed as follows:
where is the value of reducing the soil sedimentation in a river channel;
is the construction cost of a reservoir per unit; ( ) is the quantity of soil conserved; soil is the soil density.
Assessment of the Value of Regulation of Gases.
The value of regulation of gases was assessed on the basis of the functions of CO 2 absorption and O 2 generation. The equation is as follows:
where is the value of regulation of gases NPP( ) is the organic material in pixel; according to the photosynthesis and breathing reaction equation, it can be deduced that producing 1 g dry matter absorbs 1.62 g CO 2 and releases 1. (Figure 2 ). Both drastic increase and decrease occurred in the water areas. For example, reservoirs/ponds and streams/rivers significantly increased by 42.30% and 5.67%, respectively, while beach and shore, lakes, and bottomland decreased by 53.46%, 23.66%, and 21.99%, respectively.
Results
Changes in Land
During 2000-2008, the conversion from cultivated land to built-up area reached 235,256 ha, contributing to 45.00% of the total conversions, followed by the conversion from cultivated land to water areas (42,236 ha) and from grassland to cultivated land areas (33,112 ha). (Figure 3) . The spatial feature of soil conservation value is similar to that of total ESV. The spatial distribution of organic material provision value, gases regulating value, and nutrient cycling value all gradually decreased from the northeast to the southwest. However, the value of water conservation gradually decreased from the southwest to the northeast.
Changes in Value of
In In spatial, total ESV and value of soil conservation significantly increased in central and eastern Shandong province. In these areas, mountains (Figure 4) are the dominant topography. The changes in value of organic material provision, regulating gases, and nutrient cycling all significantly increased in eastern Shandong while decreased in the coastal zone of Shandong. Water conservation value significantly increased in water areas. 
Changes in Value of Ecosystem Services in
Impacts of Ecological Restoration on Ecosystem Services.
The vital consequences of the two ecological restoration policies on land use are the conversions from cultivated land to forestry area/grassland and to water areas. Theoretically, if the sites implementing the two ecological restoration policies in spatial are known, changes in ESV in these areas during 2000-2008 could be viewed as the effects of the two ecological restoration policies. However, information is lacking on the location and the degree of implementation for the two ecological restoration policies in Shandong. It should be noted that the starting time of our research was 2000 when the two ecological restoration policies had just been launched. Furthermore, during 2000-2008, no other policies were implemented to drive the conversion from cultivated land to grassland, forestry area, or water areas. Most of the conservations from cultivated land to grassland/forestry area or water area during 2000-2008 could be similarly looked upon as the consequence of the Grain-for-Green and Grainfor-Blue policies.
Accordingly, we assessed the impacts of Grain-for-Green and Grain-for-Blue on changes in ESV. Grain-for-Green in total added an ESV of 5.19 × 10 6 CNY, while Grain-for-Blue led to an increase of ESV of 206.77 × 10 6 CNY ( Table 1 ). The two ecological restoration policies in total led to an increase of 42.30% in ESV. The ESV per unit increased from 1.23 CNY/m 2 in 2000 to 1.53 CNY/m 2 in 2008 due to the implementation of Grain-for-Green. The ESV per unit increased from 1.14 CNY/m 2 in 2000 to 1.63 CNY/m 2 in 2008 due to the implementation of Grain-for-Blue. The effects of Grain-for-Blue on ecosystem services seem better than those of Grain-for-Green.
The two ecological restoration policies produced different results for the ecosystem service value. For the Grain-forGreen policy, the value of nutrient cycling, regulating gases, organic material provision, and soil conservation increased by 64.12%, 38.98%, 40.00%, and 18.25%, respectively, while the value of water conservation decreased by 21.48% (Table 2 ). For the Grain-for-Blue policy, the value of water conservation significantly increased by 103.12%, followed by the increase in regulating gases (23.60%) and organic material provision (25.72%). However, the values of soil conservation and nutrient cycling decreased by 100.00% and 56.20%.
Discussions and Conclusion
The main objective of Grain-for-Green was to restore forests and grasslands in an effort to control soil erosion in China from 1998. In this paper, we found that the values of soil conservation increased by 18.25% due to Grain-for-Green during 2000-2008. However, the value of soil conservation in the whole of Shandong province increased by 76.87% during the same period. Grain-for-Green in Shandong does not significantly reduce soil erosion. The reason could be that Grain-for-Green in Shandong was mainly implemented in low sloping areas where soil erosion is not significant. The implementation of Grain-for-Green in these areas has limited positive effects on controlling soil erosion. In comparison to the soil conservation value, Grainfor-Green did improve the ecosystem service function of nutrient cycling, organic material provision, and regulating gases. During 2000-2008, the values of nutrient cycling, organic material provision, and regulating gases increased by 64.12%, 40.00%, and 38.98%, respectively, in the areas implementing Grain-for-Green, but increased by 37.02%, 37.90%, and 36.13%, respectively, in the whole of Shandong. The ESV of the areas implementing the Grain-for-Blue policy increased by 43.10% during 2000-2008. The increase in water conservation value accounted for most of the added ESV. In the same period, the value of water conservation in the whole of Shandong increased by 16.69%, while it increased by 103.12% in Grain-for-Blue areas. Grain-for-Blue significantly improved the ecosystem service function of water conservation due to the improvement of the water regulating function in water areas.
We assessed five kinds of ecosystem service values in Shandong province. The ecological restoration policies led to significant tradeoffs in ESV. Although Grain-for-Green 8 Advances in Meteorology Changes in ecosystem service value (ten thousand CNY) Conversions Figure 5 : Changes in ESV due to land use conversions. Notes: C, F, G, W, B, and U are cultivated land, forestry area, grassland, water area, built-up area, and unused land, respectively; C to F means the conversion from cultivated land to forestry, and similarly for the others.
improved the ecosystem service function of nutrient cycling, organic material provision, and regulating gases, it also decreased the ecosystem service function of water conservation. Grain-for-Blue increased the ecological service function of water conservation but led to a decrease in soil conservation (100%) and the nutrient cycling function (56.20%). Ecosystems comprise several different ecosystem service functions. A single ecological restoration policy cannot improve all the ecosystem service functions. Thus, we argue that integral ecological restoration policy should be adopted in ecological restoration. For example, when implementing Grain-for-Green in sloping areas, a water conservation project, such as rainfall collection, should be adopted simultaneously. Rainfall collection can not only improve the irrigation condition of farmland but also improve the water conservation function. When implementing the Grain-forBlue policy, a soil conservation project (such as afforestation) should also be considered. Furthermore, close attention must be given to the suitability of the policy. For example, Grainfor-Green in plain areas is of no benefit to the overall improvement of the ecosystem service function and should be strictly limited to sloping areas.
Most of the maps (e.g., NPP, NDVI) utilized to assess the changes in ESV in this paper are 1 km grid maps. The resolution of these maps could be too low at the provincial scale. In addition, owing to a lack of suitable method and data, we did not assess the ESV of regulating waste which is one of the most important ecosystem services of water areas. Thus, the ESV of water areas assessed in this paper could be underestimated. For the same reason, we also did not assess the ESV of the culture function which could also generate some uncertainty in the results for ESV.
